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HYDRODYNAMIC  CI;R4CTE_SISTICS OF MISSILES 

By John R. Dawson 

Scnne of the :hydrodynamic problems associated  with  the  launching of 
m a i r  missile f ron  under water me examiced br ie f ly .  From a l imited 
hydrodynemic investigation %hat has  been made i n   t h i s  f ield,  some exgeri- 
mentzl r e su l t s  are presented to   i l l u s t r a t e   t he   p rob lem thzt may be 
expected. 

Much in t e re s t  i s  currently  being  given to   t he   poss ib i l i t y  of 
lmnching an air dss i le  frm a submerged submarine i n  such a manner 
tha t   the   miss i le   rocke ts   cmbe  f i red   a t te r   the   n i ss i le  emerges Trom 
the wzter  sur3ace. In order t o  examine sone of the  problems  encountered 
i n  such l ~ u n c h h g s ,   t h e  TWCA has nade some hydrodynemic experiments il?- 
Langley t d  no. 2 with a dynamic model of e t y p i c d  TLssLle. 
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SYMBOLS 

Ciepth of launchicg  cztepult 

t h e   a f t e r  emergence 

launch a g l e  (cant of lzmching  tube) 

mgle of 6evietion of missile fYom ve r t i ca l  

ar 
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Experiaents k v e  beer? made with a sml l - sca le  dynamic  model repre- 
sentetive of a suiteble xissile config-;ration (f ig .  1). The weight, 
moment of iner t ia ,  and center-of-gravity  location of the  model were 
scaled from representative  full-scale  values. 

T'ne launchigg method used i s  i l lustrated  in  the  sketch  included ir. 
fig-ce 2. 4s is  shown, the  missile w a s  launched by m e a m  of a submerged 
catzpult. T h l s  single  catapult  used compressed air i n  EL manner currently 
being  considered f o r  f u l l - s c d e  launching,  but it was not 6, model of any 
put icu lar   fu l l - sca le   ca tapul t .  The csrtapult was placed on a mall car- 
r izge whick was towed along  underxzter rails by  means of en e l e c t r i c  
winc2.l  when it w a s  desired  to  simulate the forward motion of the submarine. 
A f e w  t e s t s  were made wi th  the  catapult   tube  inserted  in a s t r e d i n e  
body as shown i n  figu-re 2, but it was deterxined th&t for   the sabrrarine 
sgeeds  under  investigation,  the  effect produced by this body wes small, 
and Tiost cf   the   tes ts  were rrade with the  leunching  tube  alone. The 
deviation of the model from t he   ve r t i c s l  after emerging from the  water, 
iiesignated tk-e angle 3,  was detemined iYom motion-picture  frames. 

rnSrnTS mil DISCUSSION 

A short  motion-picture  film supplement i l lus t ra t ing   the   e f fec ts  
discussed  in  tMs  paper is available on loan. A request  card form end 
a descriptfol? of the film w i l l  be fcmyd at the Sack of this pager, on 
the page irmediztely  preceding the abstract  and index  page. 

The da ta   in   f igure  2 are f o r  a launching  depth of 100 feet end a n  
exergence speefi of 90 feet   per  second. All values shown me scaled up 
to  represent  full-scale  vdues.  The deviat ion  male  8 is  plotted 
against   t5ne  after m,ergence frm- the  water  smface. It is, of course, 
necessary  that  the  angle 0 be  within limits that w i l l  pem-it  control 
by the missile gdidance  system a t  the time wher? the rockets me fired. 
Zach test point shown regresents  the rr.axi-~m deviation  obtained frm a 
group of t e s t  runs made f o r  each  condition. I n  the calm-water cozdition 
only random distur'oances z f fec t  the model, which i s  s t a t i c a l l y  unstable, 
and the mea shown represents E cross  section of the cone of dispersion 
of -9 vzlues. It is advantageom t o  f i re  the rockets as soon as pos- 
si3le af ter   the   missi le  emerges, because of the  increase  in  deviation 
with t ihe .  The value ol' 8 1 second after emergence (regresenting s. 
reasonsble  dehy  for  rocket  fgring) i s  used as a simple f igure of in te r -  
est. The 12-foot wave introduced nexi~um angular  deviations  (after 
'1 second) of aboLt 2OC nore tha" the 8O obtained i n  calm water. The 
ye ter   in  a wave crest moves i n  the  direction of the wave t r a i n  while 



3 

. 
tizet in the  trough moves in   the  opposi te   direct ion.  Accordingly, emer- 
gences t'hrough the  crest  en6 through the  trough gave deviEtion angles 
i n  opposite  direc-lions  but of ebout the  same raagnitude. 

The e f fec t  of the Torward speed of the  submrine i s  s h m -   i n   f i g -  
ure 3, where the mlurinum angle of deviation 1 second a f t e r  emergence 
(desigrieted s ~ ~ )  ir calm water is  plot ted  against   the   vessel ' s  speed 
ol" advmce . These dzte  were t&en  with  the  lem-ching tube ver t icz l .  
The launching  vessel w a s  t ravel ing on rails and i t s  reactions fro= the  
cate>ultir?g  forces were therei'ore  negligible. In all cases  the  devia- 
t i o c   m g l e  ues opposite t o  the  direct ion of the  vessel 's  forward notion. 
A t  3 'knots the  6evietion w a s  about 45' and  even at 1 knot  the  deviation 
w a s  nore t h a ~  twice  that   obtzined  in   the static condition. The advan- 
tege of get t ing  the submarine sseed down t o  a low value is emphasized 
by these data. 

The curved path of the  missile, when the submarine i s  under way, 
can be aade =ore  nezrly  tacgent t o  the v e r t i c s l  d t e r  emergence by 
cutlng  the  lamchirig  tube  forward 2t s launch  angle $ as shown i n  
f igure IC. The deta i n  this ffgme a r e   f o r  2. "hovering"  speed of 1 h o t .  
Under the  cocditions sho-wn, the  deviation was least at a launch engle 
of .&out 6 O ,  for  which case the measured Cevlation 1 second &ter eEer- 
gence was 12O. Thus, about hdf the  deviation Fntroduced by the  1-knot 
forward  speed has been  recovered by cantfng the launching  tube at optl-  

t i c a l  use ol" this t rend w i l l  depend on the  accuracy w i t h  which the sub- 
m i n e  trim cvl be  mafntained. Somewhat similar r e s u l t s  would be expected 
i f   the   sdbmzine itself imtead of the  launching  tube  in the subnariEe 
were Lnclined at the  launch  angle. 

. 
- nun lmnch  angle. Although the optimum vlgle i s  not   cr i t ical ,   the   prec-  

In   f igure 5 the   e f fec t  of launching  depth i s  shown. For these data 
the lrunching vessel  w a s  f ixed and the speed of emergence fron the w a t e r  
surfEce w s s  maintained  constant at 90 leet  per second. A rapid  increase 
in  the  deviation  vlgle  occurred w i t h  increese of depth. A t  depths 
greeter  than 200 feet the  model would not  consistently emerge fro=  the 
water. 

The model t e s t s  reviewed here were made et s c d e  speeds, f o r  which 
no cevftztion  occurred. At actual  full-scale  speeds of the order of . 90 feet per second, Eppreciable  czvitation has been  observed on 2. nis- 
sile of t h i s  shape.  Force tests mde i n  L&n-gley tank no. 2 and i n   t h e  
Lz17-gley high-speed hydrodynamic f a c i l i t y  have indFcated r e h t i v e l y  snall 
es"fect oT th i s   cav i ta t ion  on s ta t ic   s tEbi l i ty .   Ef fec ts  of cavitation 
on d y n a i c   s t z b i l i t y  have not  yet  been  evaluated. 

WGile the  actual  values of deviztions  indiczted i n  this   invest iga-  
t i on  might perhaps be reduce& by refinements in  catapulting  techniques 



that reduce the i-.ltial disturbErces,  there s t i l l  rerain  unavoidable 
disturbaxes d w  to   no t ions  of the sea and of the lau%ch+ng  vessel. 
lnese br lef  experiments h ~ v e  izdicated that such environmental disturb- 
z x e s  Gave substant ia l   effects ,  and the l h i t s  in  o3erating  conditions 
f o r  szi isfactory  missi le   hunchtng may therefore be imosed  by hycbo- 
c?ynmLz behavicr. Where these  operzting limits are found t o  be  too 
rescr ic t ive ,  it would be l cg ica l  t o  increase %he s-labrlity of the m i s -  
s i le  wLzh s a i l   f i n s  or cther devices. 

1' 

The e f fec t s  of sone Ser t izen t   opera t ing   pametera  o r  tfie behavior 
of an air missile Then lxmched  from s. submerged szbmarine  have  been 
exaxined  experinentally. It wzs Zawd that for the case of a typ ica l  
a s t ab le  pissiie, the Kotions of the  ses end of the hunching  vessel ,  
a s  well as tke d q t h  of tke  launching  cctzpult, had considerEble  effect 
cz the attit-;de t h a t  tke missile wcLd  have at the  time i t s  rockets 
are f i red.  

L a g l e y  Aeror.aui;ical  Laboratory, 
?iational AdvLsory Cornittee f o r  Aeronaztics, 

Lang;eg Field, Ve., March 18, 1958. 
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EFFECT OF WAVES ON UNDERWATER  LAUNCHING 
SUBMARINE  SPEED,  ZERO;  VALUES  ARE FULL SCALE 
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Figure 2 

EFFECT OF SUBMARINE SPEED 
ON VERTICAL  UNDERWATER LAUNCHING 
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Figare 3 



EFFECT OF LAUNCH ANGLE ON UNDERWATER LAUNCHING 
SUBMARINE  SPEED, I KNOT; VALUES  ARE FULL SCALE 
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EFFECT OF DEPTH ON UNDERWATER  LAUNCHING 
SUBMARINE  SPEED,  ZERO;  VALUES ARE FULL SCALE 
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NACA - Lar4ley Field. Va. 
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